Abstract. Based on Copula function and GARCH model, this paper establishes the Copula-GARCH-GED model to analyze the portfolio risk of four stocks in different industries-Minsheng Investment, Huayi Brothers, Renhe Pharmaceutical and Yanghe Shares in the Shenzhen stock market. And then, we use the Monte Carlo simulation method, in the case of different confidence coefficients and the minimum risk, to calculate the investment ratio of the four assets and obtain the portfolio of VaR.
Introduction
Risk management has always been an important subject in the field of financial research. With the tremendous changes of the international financial markets, financial risk is increasing continuously. Taking a variety of investment strategies to avoid risks has reached a consensus among investors. A large number of empirical studies have shown that choosing a combination of less relevant assets can reduce the risk of investment.
Copula is a statistical method used to describe the interdependent structure of multiple random variables, and risk management is an important application area of Copula theory [1] . The purpose of this paper is to use Copula-GARCH method to study the portfolio investment risk of multiple assets, estimate the risk of portfolio investment in the future, and give the specific combination form under the principle of risk minimization.
Selection and Distribution of Sample Data
The empirical data of this paper will be composed of four stocks belonging to different industries, such as Minsheng Investment (MI), Huayi Brothers (HB), Renhe Pharmaceutical (RP) and Yanghe Shares (YS). We select the daily closing price ( ) in 2014.1.1-2015.12.31 as the sample data, a total of 650 sets of data, and then take the log yield = 100(ln( ) − ln ( −1 )). The data comes from the RESSET financial research database [2] .
Normality Test. Commonly used normality test is Jarque-Bera test. Under the normality assumption, the JB test is gradually obeying the 2 distribution of degrees of freedom. empirical distribution of the sample has a significant variance of variance and an obvious peak and fat tails compared with the corresponding normal distribution. So we reject the hypothesis that the yield is a normal distribution [3] . Stability Test. From Fig.1 , we have that the yield fluctuates around the mean, which means that there is no obvious trend. Therefore, we need to do the ADF test for the simple data with the intercept term without the time trend item. The data in Table 2 show that the ADF test values of the yield sequences are all less than 1% corresponding to the critical value, so the original hypothesis is rejected. It can be said that the sequences of four stocks yields are stable, that is, the model can be modeled directly without distinction [4] .
Correlation Analysis. [3] . The data from Table 3 are derived from the econometric software Eviews8.0. The original hypothesis is that the sequence of yield is not relevant, assuming that the delay is 10, 15 and 20: When Lag = 10, the P values of the Q test of the four stocks are greater than the significant level of 0.05, so there is no obvious sequence correlation to the original hypothesis. When Lag = 15 or 20, the P values of Minsheng Investment and Renhe Pharmaceutical are all less than the significant level of 0.05, so the original hypothesis is rejected and considered to have a certain series of correlations. Table 4 shows the results of LM test with α = 0.05 for the sample data: The test results show that the logarithmic yield of the sample data has an ARCH effect at a significant level of α = 0.05. Therefore, we must take the appropriate way to correct the residual sequence correlation, that is, by constructing a reasonable model to describe the yield sequence [3] .
Calculation of VaR with Copula-GARCH Model by Monte Carlo Simulation
Determination and Parameter Estimation of GARCH Model. Due to the large number of GARCH models, we need to select the GARCH model whose fitting effect on the sample data is the best. The sequence of yields in financial markets usually has a spike in real life, so GARCH and GARCH-Normal models are not the most reasonable choice. A large number of empirical studies have shown that, in most cases, the GARCH (1, 1) has been able to fully reflect the volatility of long-term financial data, and can better describe the distribution of financial time series spikes characteristic. Consider the following GARCH (1, 1) model:
(2) In this paper, the GARCH-t and GARCH-GED models are used to analyze the sample data, and all parameters are obtained by Eviews8.0. The GARCH model fitting parameters are shown in Table  5-Table 6 . The following criteria are followed when selecting the GARCH model: 1. The P values of all the parameters in the GARCH model are less than 0.05; 2. On the basis of 1, the likelihood function value (L) is chosen to be the largest, while the AIC minimum GARCH model, because the value of AIC contains the estimated value of the model and the parameters of the data, the smaller the AIC value, the better the model [5] . Therefore, according to the above selection criteria, GARCH (1, 1) -GED can better describe the fluctuation of each index yield sequence.
Estimation and Verification of Parameters of Copula Function. The choice of Copula function does not have a standard of rule, and this paper selects Gaussian-Copula function to establish the model. The results of the correlation of the Gaussian-Copula function are shown in Table 7 , and the results are from MATLAB 2016a. According to the data in Table 7 , the correlation between the individual stock price series is very small, so we can see that the choice of different stocks for the portfolio, to a certain extent, can reduce the risk.
The K-S test is a nonparametric test method that is often used to test whether a particular sample is subject to a particular distribution. The results of the K-S test are shown in Table 8 , and the results are from IBM SPSS Statistics 21. The probability of K-S test in Table 8 is greater than 0.6, the greater the probability that the better the model fitting effect, that is to say the established Copula-GARCH model can well describe the distribution characteristics of the stock.
Simulation of VaR values. After the Copula-GARCH model being built and tested, the VaR values can be calculated and the defects in the traditional VaR calculations can be optimized. In this paper, Monte Carlo simulation is used to calculate VaR.
The optimal portfolio weight coefficients (µ 1 , µ 2 , µ 3 , µ 4 ) and the corresponding minimum VaR values at different confidence levels in Table 9 are obtained according to the above method. The results in Table 9 show that, except for the confidence rate of 97% to 99%, the minimum risk portfolio under different confidence in the weight coefficient is not very different, and the investment is mainly concentrated in the Renhe Pharmaceutical and Minsheng Investment. It is because the yield of Minsheng Investment in the sample timing shows an upward trend, and Renhe Pharmaceutical's yield fluctuations is relatively stable. In the following, we perform the Kupiec test on the VaR calculated by the Copula-GARCH model. From the results of the failure rate test in Table 10 , it can be seen that the LR value is less than the χ 2 value for a given significance level. So we accept the original hypothesis that the Copula-GARCH model is valid.
Conclusions
For portfolio risk management, it is particularly important to portray the relevant structure between financial assets. In this paper, the GARCH model and the Copula function are used to study the risk value of the logarithmic yield of four stocks belonging to different industries, and the following conclusions can be obtained: 1. The data samples of the logarithmic yield of the four stocks are far from the normal distribution, indicating that they all have spikes. The traditional GARCH model is fitted with the assumption that the data is subject to a normal distribution, so this paper selects the GARCH-GED model to simulate the edge distribution; 2. For the estimation of the edge distribution, if we use EGARCH to improve the model, we can explain the bad and good news on the impact of asymmetry and other phenomena, which may make the analysis results more practical significance [6] . 3. For the improved Copula distribution estimation algorithm, although the calculation results are better than the previous algorithm, the results change little, indicating that there is the possibility of further improvement.
